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Although recently the light-metal stressed- skin con- 
struction has largely replaced the welded- s teel-tube frame- 
work construction for airplane structures, it will never- 
theless not bo possible entirely to dispense with trie stool 
tube as a tension and compression elerent. In the landing 
ge&r , engine mount in;; and also as surface supporting strut 
the steel tube, on account of the simplicity of the welded 
joints it permits and its outstanding strength character- 
istics for airplanes of all types, will continue as "before 
to maintain its place. 

In this report some considerations and test results are 
presented that nay lead to higher tension, compression, and 
buckling stresses than is possible with the welded-st eel- 
tube struts of the usual familiar construction. The new con- 
struction method indicated, which makes possible a consider- 
ably bettor material utilization and hence a saving in weight, 
has been tested in a number of Eocko-VJuif typos also in ser- 
ies production and has fully justified itself. 

In any structural design problem, the lengths of the 
struts and the leads to be taken by then are generally glv- 
en. An airplane framework structure must 9 on account of the 
various flight and Landing conditions encountered, often be 
able to take up a certain tensile and also a definite pres- 
sure loading* Often, too, tfnly one type of loading occurs. 

As is known, the properties of the material that deter- 
mine the cross -sectional area and hence the wei ;ht of the 



* ff Erh8hung dor spezifischen Belastbarkei t bei Zu ; ;; , Druck und 
Kn ickunf; von c in^e schwc i s s ten Stahir oh r- Each works t r eb en in 
?lu{rzeu : ;bau durch Massnahmen werks t of f t echnischer und kon- 
Struktivcr Art." Luf tf ahrtf orschung, vol. 16, no. 1, Jan. 10, 
1939, pp. 14-17. 
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tube welded at each end arc: in the case of tensile load, 
the strength and the elastic limit of the material in the 
region annealed "by the weld; in the case of compressive 
load, assuming sufficiently high slenderness ratio of the 
strut, the elasticity modulus corresponding to the biickling 
relation of Euler , this modulus "being independent of the 
condition of the material whether welded or unwelded ; in 
the case of lower slenderness ratio, the stretching or 
buckling limit of the welded tube. 

It nay be seen that with the exception of the case 
where only buckling stress in the Suler region occurs, the 
zone affected by the weld is always of decided significance 
for the dimensions and weight of the strut. The manner in 
which the steel tubes applied in airplane construction are 
affected as regards metallography and strength by the weld 
is known (references 1 and 2). An essential point brought 
out is that the tensile and compressive strength of butt- 
welded tubes corresponds to the strength of the unwelded, 
annealed tube, so that it assumes a minimum value which is 
characteristic of each type of steel. Gold or hot joining 
of the strut to be welded therefore, also outside the Euler 
range, is of no significance and the heat treatment of a 
tube cannot be utilized either for tensile or compressive 
stress unless the v/elded framework is treated as a whole, 
which treatment, however, on account of the size and defor- 
mation feared in hardening is generally impossible. 

There was no disadvantage in this as long as for air- 
plane construction only unalloyed steel tube was employed 
whose strength properties cannot be essentially increased 
over those of the welded state. This was also the result 
reached by A. Eechtlich in his comprehensive investigations 
of 1930 (reference 1, p. 410), namely: "that the weld up 
to the very small slenderness ratios is without effect also 
in the non-elastic range." The buckling values of welded 
unalloyed tubes for slenderness ratios greater than 15 lie 
as high as for those of the unwelded tubes. 

The main results of the compression and buckling tests 
of Eechtlich with two kinds of tube of various carbon con- 
tent (0.1 to 0.15 percent and 0.3 to 0.5 percent) are shown 
in figure 8. 

Since the introduction of chrome-molybdenum steel 
tubing in the Albatros works at Berlin- Johann i s thai , the 
object at Albatros and later at Focke-Wulf was consistently 
followed of utilizing the heat treatment possibilities of 
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this steel as far as possible also for welded- tube struts. 
The essential results of the compression and buckling tests 
will he reported in what follows. The "buckling (A > 10) 
was carried out on a testing machine between knife edges, 
sc that the decree of end fixing was practically equal to 
zero, Each individual strut after the deformations , which 
for the loading in the elastic range were observed with 
(■ages connected at the sides, was centered by a displace- 
ment arrangement counted at the knife edges. The specimens 
for the compression tests 10) were compressed be- 

tween two flat plates with a sphere segment connected be- 
tween., in order to obtain as even -pro^sViTo distribution as 
possible. The tubes were straightened before the buckling 
and the ends ground oven. 

The test specimens were of American, Swedish, and Ger- 
man origin. (See table I.) In all cases, however, only 
chr ome-molybdenum steels were used which correspond in com- 
position to the aviation material 1452. In the state in 
which they were supplied the tubes were heat-treat ed as is 
customary and apparently only after the last c old-drawing. 
The minimum strength of the steel 1452 used as a basis for 
the computation is in the annealed and welded state 60 
kg/mm 2 . In the heat-treated state a value of 120 kg/mm 2 
nay be obtained. 

Figure 1 shows the results from three buckling tests 
of the year 1930 with chrome-molybdenum steel tubes which 
were cut from the corresponding rods in the delivery state 
and were thus buckled unchanged. C orr e si^onding to the in- 
crease in the yield point under compression and the tensile 
strength, there is found an improvement in the buckling 
strength as compared with the unalloyed steel tubes. (See 
table I.) 

Figure 2 gives the results of a series of tests of 
1931. They were specially carried out because the two pairs 
of buckling values of tubes 35 X 1 and 40 x 1 were so dif- 
ferent, being in the reverse sense to what was expected from 
their slenderness ratios, that a more accurate investigation 
of the tubes was justified. The values obtained are given 
in table II and the grain structure shown in figures 3 and 4, 

The grain structure pictures show immediately the dif- 
ferent strength properties. In the second case, the harder 
component (iron carbide) is far more unifornly distributed 
than in the 35 x 1 tube. This leads to the considerably 
higher tensile limits of this tube and these again to the 
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higher buckling strength in the plastic region. The grain 
structure and properties of the 40 x 1 tube nay be attained 
With the stool 1452 "by heat t reatnent . 

I:i 1932 a series of buckling rods of average slender- 
ness ratio 35 to 60 wore ir.proved to a strength of about 
110 k : ;/n:-2 % The buckl ing -s t r enjgt h curve obtained rises 
along the Sailer cur to up to about 30 kg/nci and in the 
Tetnajer region still higher as shown In figure 5 (nur.;eri~ 
cal values given in table 3). As a result of nore pressing 
problems, this work was not ended until 1934 with the fol- 
lowing two larger series of tests: 

First there was determined the effect of an annealed 
weld at the end of the heat-treated buckling rod, since it 
was supposed that such an effect on the buckling curve 
would be relatively snail. Eighteen rods of the slenderness 
ratio under $ en side rat ion were first improved by heat treat- 
ment fron 110 to 125 kg/nm** Then at both ends 10 nilli- 
ineters distant fron the latter a butt joint was made by 
welding a saw cut that did not quite go through* 

Figure 6 and table 17 show that in the entire region 
lying below the Suler curve, that is, up to the slender- 
ness ratio 55 a niniiaur) buckling stress of 60 kr/;:n s nay 
with certainty be attained* It is to be noted that also 
for this high slenderness ratio buckling failure occurred 
at the ends while the rod itself regained unchanged over 
its entire length. Conpression pieces of the length of 
their diar.eter which pieces were treated and welded in the 
center £ave the sane compressive strengths (fig. 6). Those 
values for which failure could not be attained with the 
test machines available are indicated with an arrow point- 
ing upward. 

Considerably higher buckling stresses below the Euler 
curve nay be attained if care is taken to see that the 
above-dent ioned buckling failures are avoided, i.e.: if the 
struts before the treatment are so designed that in the re- 
gions which are again annealed by welding to the framework 
the thickness of the walls is nade correspondingly greater 
than in the remaining region not affected by the heat of 
the weld*. The reenforcin^.; of the ends is nost economically 



*This process is legally protected by the firn of Focke- 
Wulf Flugzeugbau Gvm.btH, , Stfenan, through DEP. Inventor: 
Dr.~In-;> Mfiller, Ire~en. 
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effected as seen in figure 7 by the welding of thicker 
tube ends with heat-treatable welding wire 1453. 

Thirty-three specimens according to figure 7 with a 
heat-treated (110 to 120 kg/ as**) and an untreated weld at 
each end and with slenderness ratios of 20 to 55 were thus 
prepared and buckled between knife edges* The buckling 
stresses attained are shown in figure 8 and it may be seen 
by comparing with the other litfiti&g curves that the gain 
is considerable. 

This is particularly the case for slenderness ratios 
of 20 to 60. It is only at slenderness ratios higher than 
75 that the strain Unit of the annealed chr one-m olybdenun 
steel tube is sufficient to attain the Suler curve with the 
buckling stress. Above this slenderness ratio, an increase 
in the buckling load by heat treatment is entirely impos- 
sible. The strong struts that particularly affect the over- 
all weight of the airplane lie, however, within the range 
of moderate slenderness ratios where the fact is also to 
be taken into account that the effective slenderness ratio 
becomes smaller through connection in the framework. 

In the case where the tensile strength is the factor 
of importance for the dimensioning of 'a welded steel tube, 
it is possible by the design method described to save weight 
in each case, i.e., independent of the length. In the^nor- 
mal design with constant cross section only the annealing 
strength of the steel can be considered, independent of the 
strength before welding. If the ends, however, were reen- 
forced before welding and the rod then treated, each sec- 
tion can be dimensioned to correspond to its strength. The 
gain in weight thus attained approaches, with increasing 
length of strut, the ratio of annealing strength to heat, 
treating strength of the steel, i.e., for 1452 half the 
weight of the strut. 

Figure 9 shows a section of the landing gear of the 
Fw 200 "Condor" in which reenforced heat-treated struts 
were applied. 

Translation by S. ReiBS, 
Hational Advisory Committee 
for Aeronautics . 



6 2i.A.C,A. Technical ...1-lerioranduri Hp. 912 



1, Reebtlich , A.: Grundlagsn fUr die Icons trukt ive Anwendung 

unci Ausf fthrung von Stahlrohrschwcissungen in Flugzeug- 
bau„ Jahrbuch 1931 dor Deutschen Versuchsans talt fur 
Luftfhart, pp. 379-438. 

2. MUller , J.: tTxx t e r s uchun g tToer di a Schwingungsf estigkeit 

dor Schv/o i ssver 13 in dung von Stalilrohren ver schiedener 
Zusa:.i:.i onset rung , die fur Kons trukt i ons z wo eke , ins"be~ 
Gondere fur Fachwerk"bau , in Betracht konnen. Diss** 
1932 Berlin. 



J 



Jff«A.CvA« Technical Memorandum Ko. 912 7 

TADLE I tMi& 1) 
Buckling and Resistance Coefficients of 



lion -He at- Treated Chror/d-MolyMenur.i Steel Tu^e s 



Origin 


i 




D x S 

an 

i 


kg/n:;i 2 


Aneriean 


31.5 
50. S 
40.6 
40. 6 
25.2 
24.9 
81.3 
61.4 


30. 5 
42.4 
52.9 
43.7 
61.3 

0 O . 2 

26.4 
33.4 


-\ 

l 

i 

1 

< 


> 25.5 x 1.5 
25.5 x 3 


47.5 71 31 
45,8 60 32 


Gem an 


25 
25 
60 
40 
40 
80 
80 
50 


50.0 
50. 5 
46.4 
49. 6 
49. 3 
31,7 
31. 8 
41.4 


J 


;> 30 x 1 


40.5 54.5 5 3.4 


3v/edi sh 


29.5 

SO 
80 


55 . 6 
48.3 
34.5 


1 


f 30 X 1 


39 53.5 62.7 
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TAIL!] II (ftj|. 2 ) 
Duckling Co o f f i c i en t s and Other Properties of Chrone- 



Mcly hclenur. Steel lubes in Delivery State 



D x S i A ^ K 

kc~/nn 2 


r — 

kg/inn* 


Structure 


35 x 1 30 45.5 
35 x 1 30 45.7 


33.5 50 52 

37 51 54 


Granular pearlite in 
free ferrite 
(fig. 3) 


40 X 1 47 56.9 
40 x 1 47 59.7 


50 68 85 
72 83 


Sorbite without free 
ferrite (fig. 4) 


32 X 1 52 40.7 
32 X 1 62 43.6 
34 x 0.7 5 6 3 42 
34 x 0.75 68 42 
36 X 0.75 47 45 







TABLE III (fig. 5) 
Suckling and Tensile Strength of Heat-Treated 



Chrone -M oly^denun Steel Tub e s 



D x S 


°3 ^ 


A 


a K 


nn 



kg/ cm 2 




kg/ ran 2 


14 X 1 


108.7 


53. 5 

60 


60 

54.5 






36 . 5 


75 






43. 5 


70.5 


26 x 1 


112.3 


37 

48. 5 

55 
50 


66.5 

64. 5 
56. 5 
50. 5 
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TAD LI] IV (fig. 6) 
Buckling Tests on Heat*>freat6d and Then Welded 



Chrone-Moly'b&eivun Steel Tubes 



D x S 






a K 


nn 


kg/ r.n 2 








113.4 


40 


70.6 


X X 


119.1 


40 


69.3 


113. 5 


27.2 


58.3 




lift 


. <j ( m & 


70.3 




124. 5 


50 


X — > 71.2 




120.2 


50 




failure not ob- 


O O X 1 


124 
125.3 
121 
126. 5 


46.5 
.46. 5 

40 

29.1 




tained with given 
testing machine 




112. 2 


50 


6 3.3 


40 X 0.75 


114 
127 


50 
46 


63.8 
68.3 






30 


63.8 




111 


50 


> 8 5,5 


40 x 1 


127 


50 

43.5 


> 64. 7 

> 65. 5 




119 


48.5 


> 53. 5 
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TA3LE V (fig* S) 
3uckli4g Vests on Heat- Seated Chrone-Moly*bdeiiun 



Stucl Tunes with Hoenforced Ends 



D x S 




A 




n n 


kg/ ma ? 
i_ . ... 




kg/nn 2 




117 . 5 


55 


59.7 




117 


50.3 


77.4 




111 


50 


76.8 




120.3 


50 


71.5 




117 


50 


70.5 




10 3.5 


50 


70.6 




117.5 


47 . 5 


86.8 


• 


118.9 


47 . 5 


85.7 


23 x 1 


121 


45 


86.5 


109 . 3 


44 . 8 


86.5 




113.2 


44. 8 


93.5 




121.5 


40 . 3 


91 




123 


40. 2 


83.7 




121.9 


34.8 


93.1 




121 


30 . 2 


> 91 




113 


30 


> 91.5 




- 


20.4 


> 91 




- 


20 . 3 


> 91.5 




Ill 


55 


72 




10 9. 5 


55 


64. 8 




113.5 


50 


76.8 




104 


49 . 8 


78 




10 8. 5 


46 . 7 


83 




12 5.1 


45. 5 


90.8 




u« 


45 


> 94.3 


35 X 0.75 


111, 4 


45 


80. 8 




114. 5 


40 


92.2 




111 


39.7 


89 




11?. 5 


39 .7 


90.2 




113. 4 


29 . 9 


> 9 6.5 




113.5 


29. 9 


92. 7 




113.4 


19 . 6 


> 9G.3 




117.2 


20 

[ 


> 100.1 
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Jigure 1.- Buckling tests with 
unheat- treated chrome-molybde- 
num steel tubes. 



Figure 3.- Grain structure of 35x1 
steel tube: granular pearl ite with 
free ferrite. Magnification 500 
times . 




Figure 4.- Grain structure of 40x1 steel tube : Sorbite without 
free ferrite. Magnification 500 times. 
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Figs. 6, 7,8, 9 




Figure 7.- Heenforced end of heat- 
treated framework strut to be welded 



Figure 6,- Buckling tests 
and compression tests with 
heat-treated and then butt- 
welded chrome -molybdenum 
steel tubes. 
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Figure 9.- Section of landing gear 
of Fw200 H Condor" with welded heat- 
treated framework struts. 



Figure 8.- Buckling tests with 
heat-treated chrome -molybdenum 
steel tubes with reenforced ends 
(the two lower limiting curves 
after Hechtlich) . 



